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FOREWORD 

This document is the final report for the "Electrochemical Energy Storage 

Subsystems Study", performed by PRC/SSc under contract NAS3-21962 with NA SA­

Lewis Research Center. The effective date of the contract is September 26, 

1979. The basic contract study encompassed the study of subsy stems consisting 

of fuel cells/e lectrolysis cell and battery cell t ype subsystems at 25, 50 , 1 0 0 

and 250 kW in low earth orbit. A modification was made, dated September 30, 

1980, which expanded the study scope to include the geosynchronous case at 

25 kW power level, again using both types of energy storage devices. 

v 
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NiCd 

Program Addendums for Technology Variations vs LCC 

(Major Parameters) 

Depth of Discharge (Capacity Variable) 

420 FOR G¢ 1 TO G9 

514 D¢, D9 = .05 + .05 * G0 @ 
GOTO 600 

690 D = 1 

720 E¢ = C1 * K1 * D0 

805 P = 1 @ GOTO 853 

4661 RESTORE 506 @ NEXT G0 

Rated Cell Capacity 

420 FOR G0 1 TO G9 

670 Cl = -10 + 30 * G0 

680 GOSUB 4925 

690 GOTO 800 

4661 RESTORE 506 @ NEXT G0 

Cell Life (Capacity Variable) 

420 FOR G0 = 1 TO G9 

430 L2 = .6 + 1.1 * G0 

440 K = 1 

514 C = L2 

690 D 1 

810 D0 = D9 @ GOTO 901 

4661 RESTORE 506 @ NEXT G0 

Hardware Life Cycles (Capacity Variable) 

420 FOR G0 = 1 TO G9 

430 N8 = 2 + G0 

690 D = 1 

4661 RESTORE 506 @ NEXT G0 

F-1 

Depth of Discharge (Capacity Fixed) 

420 FOR G¢ = 1 TO G9 

514 D¢, D9 = .05 + .05 * G0 @ 
GOTO 600 

805 P = 1 @ GOTO 853 

4661 RESTORE 506 @ NEXT G0 

Discharge Current (Capacity Variable) 

420 FOR G¢ = 1 to G9 

810 I0 10 * G0 

820 E0 10 * Tl 

830 C1 = CEIL (E0/K1/D9/5) *5 

840 GOSUB 4950 

4661 RESTORE 506 @ NEXT G0 

Cell Life (Capacity Fixed) 

420 FOR G¢ = 1 to G9 

430 L2 - .6 + 1.1 * G0 

440 K = 1 

514 C = L2 

810 D0 = D9 @ GOTO 901 

4661 RESTORE 506 @ NEXT G0 

Hardware Life Cycles (Capacity Fixed) 

420 FOR G¢ = 1 to G9 

430 N8 = 2 + G¢ 

4661 RESTORE 506 @ NEXT G0 



Program Addendurns for Technology Variations vs LCC 

(Major Parameters) 

Depth of Discharge (Capacity Variable) 

420 FOR G~ = 1 to G9 

514 D~, D9 .175 + .075 * G~ @ 
GOTO 600 

690 D = 1 

720 E~ = Cl * Kl * D~ 
805 P = l -@ GOTO 853 

4661 RESTORE 506 @ NEXT 

Rated Cell CaEacity 

420 FOR G~ 1 TO G9 

670 Cl = -10 + 30 * G~ 
680 GOSUB 4925 

690 GOTO 800 

G0 

4661 RESTORE 506 @ NEXT G~ 

Cell Life (Capacity Variable) 

420 FOR G~ = 1 TO G9 

430 L2 = 1.75 + 1.25 * G~ 
440 K = 1 

514 C = L2 

690 D = 1 

810 D~ = D9 @ GOTO 901 . 

4661 RESTORE 506 @ NEXT G0 

Hardware Life Cycles (Capacity Variable) 

420 FOR G~ = 1 TO G9 

430 N8 = 2 + G~ 

690 D = 1 

4661 RESTORE 506 @ NEXT G~ 

F-2 

DeEth of Discharge (Capacity Fixed) 

420 FOR G~ = 1 TO G9 

514 D0, D9 = .175 + .075 * G~ @ 
GQTO 600 

805 P = 1 @ GOTO 853 

4661 RESTORE 506 @ NEXT G0 

Discharge Current (Capacity Variable) 

420 FOR G~ = 1 TO G9 

810 I~ = 10 * G~ 
820 E~ = 10 * Tl 

830 Cl = CEIL(E0/Kl/D9/5) * 5 

840 GOSUB 4950 

4661 RESTORE 506 @ NEXT G~ 

Cell Life (Capacity Fixed 

420 FOR G~ = 1 TO G9 

430 L2 = 1.75 + 1.25 * G~ 
440 K = 1 

514 C = L2 

810 D~ = D9 @ GOTO 901 

4661 RESTORE 506 @ NEXT G0 

Hardware Life Cycles (Capacity Fixed) 

420 FOR G~ 1 TO G9 

430 N8 = 2 + G0 

4661 RESTORE 506 @ NEXT G~ 
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Fuel Cell 

Program Addendums for Technology Variations vs LCC 

FCU Current Density 

195 FOR G¢ = 1 TO G9 

202 Jl(l) = 50 + 50 * G¢ 
@ GOTO 210 

245 GOTO 270 

295 L(l) = U @ GOTO 310 

2325 NEXT G¢ 

FCU Voltage 

195 FOR G¢ = 1 TO G9 

196 El, El(l) = 1 + .1 

245 GOTO 270 

2.75 GOTO 310 

315 GOTO 330 

2325 NEXT G¢ 

FCU Active Area 

195 FOR G¢ = lTO G9 

212 Cl = 6.0 + 60 * G¢ 

2325 NEXT G¢ 

* G¢ 

(Major Parameters) 

F·3 

FCU Life 

111 RESTORE 113 

112 READ G¢(l) ... . G0(9) 

113 DATA 32000, 21500, 16000, 13000, 
10750, 8000, 6500, 5400, 4300 

195 FOR G0 = 1 TO G9 

196 L(I) = G¢(G¢) 

282 N¢(I) = CEIL(T3 * N¢/L(I» 

285 GOTO 310 

2325 NEXT G¢ 

FCU Hardware Life 

111 RESTORE 115 

112 FOR I :: 1 TO 

113 READ G¢( l ) 

114 NEXT I 

115 DATA 2 , 3, 

182 FOR G0 = 1 

184 N (1), N0 (1) 

275 GOTO 310 

2325 NEXT G¢ 

4, 

TO 

= 

Cycles 

G9 

5, 6, 8, 10, 

G9 

G0(G¢) 

12, 15 
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This appendix contains data printouts and curves which are discussed in 

Section 4.0 of the main body of the Electrochemical Energy Storage Subsystems 

Final Report . The exhibits contained herein are as follows: 

NiCd Battery Parameter 

1. Depth of Discharge (Capacity Variable) 

2. Cell Life (Capacity Variable) 

3. Depth of Discharge (Capacity Fixed) 

4. Cell Life (Capacity Fixed) 

5. Rated Cell Capacity 

6. Hardware Life Cycles (Capacity Variable) 

7. Discharge Current (Capacity Variable) 

8. Hardware Life Cycles (Capacity Variable) 

NiH2 Battery Parameter 

1. Depth of Discharge (Capacity Variable) 

2. Cell Life (Capacity Variable) 

3. Depth of Discharge (Capacity Fixed) 

4. Cell Life (Capacity Fixed) 

5. Rated Cell Capacity 

6. Hardware Life Cycles (Capacity Variable) 

7. Discharge Current (Capacity Variable) 

8. Hardware Life Cycles (Capacity Fixed) 

Fuel Cell Parameter 

1. FCU Current Density 

2. FCU Voltage 

3. FCU Active Area 

4. FCU Life 

5. FCU Hardware Life Cycles 

G-I 

Appendix G Exhibit #'s 

1 [A - E) 

2 [A - E) 

3 [A - E] 

4 [A - E] 

5 [A - E] 

6 [A - D] 

7 [A - E] 

8 [A - D] 

9 [A - E] 

10 [A - E] 

11 [A - E] 

12 [A - E] 

13 [A - E] 

14 [A - D] 

15 [A - E) 

16 [A - D) 

17 [A - E] 

18 [A - E) 

19 [A - E] 

20 [A - D) 

21 [A - DJ 
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LEU 5UI\H E5S (NICd) 
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Exhibit lb. Deptb of Discbarge (Capacity Variable) 
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UI'Ct";lLill~ TClllper:!tll r e (J l!b-I~ ) Z<l J lID :lIjJ 21l J ltD :tU) ZIl J Ljj J lll) 
i la x . lJiscllargl! Currcllt (1\) 7. ) S 2 L Il. ) 7 ') Z'!. 3 1 2 J '). lJ 2 5 5 1.4 S ,) L:l. SIl4 72.361, t) 2 . 7 U I ')2. 625 
11111 l"," In Vol t rl[;e (V) I. I Uit 1. I u6 I • I U 7 l. I U l) 1. I U6 I. 106 I. II U I. L I I L. L I ) 
Kcc ll u r til! Fra c tlull I. () 54 I. uS I, l. U5/, I. US S 1.0 SI, I • I) 51, 1.0 5b I. I) ') 7 I . U ~ Il 

C lt ar~e ClI l' (e ll t (A) ') . nU 13. 2 Y<J L I.Zl7 2t1.':IJ2 J7 • 234 45.27 5 5 L.45 5 ')Y . 'Jn It 7. 2 b 7 
e ll u r .;c Vo1L<lb c (V) I. It I) 7 1. 667 I. 6L 6 l. LL I, J • L L 7 1. 66 tJ 1. 6(, ) I. lJ6 I 1. b 5 'J 
l/alt-liulIr Ef Li cie llcy . 0J \) • b J \) .lJJU • b JZ .63U .L lY . 6 n • (, 3) • L J I, 

I'll ,:; lCAL C II III : I\CTLI: l ~ T lC ~ 

TotaL I ~ U IIIIJ e I~ of Cell.; Jb U 5 5 1/,7 1,2 '.l2 4 ) L7(16 5 ZbS 4J Z'! J 7 4 I, J Z I, (I Z'JU U 
LJ UI.lh c r o( Par ... ll e l Uatt"rles ) I ') 12 lJ 7'J )<.\ 45 J7 J2 ZlI Z 5 
II UI.lU C r u( 110,1,,1 e'; jJt!l: ,Ja ttery L J I U IU 14 14 [I, lZ I I, 

Ilattcry Cell li e l (; 11 t ( I ~ b ) . 1l45 Z. uZ7 J . Z I U 4 . J')2 S . 574 6.7 S 7 7.'JB ':I. 1 2 I I U. JU J 
"attery Ce il VOlllf,'" ( C", -J ) 2<.1U 725 1164 IbU4 Zu44 HilI.! Z':J l b JJ5Y JIlO J 
L:ti:..i li t.! l ~ It t ( 1: 1; ) l,l,/, Yb J 77'J I, J b Z 1I I, J Il UlJU J74,)<J J7 16 'J )4 116 J 341,'.14 J7 UJU 
t.:; S Volu!.) e (1I- J) J41./,'JU 21,4.U30 2SU . llu 2uU.170 2lJ'! . o UU ZI, 'J . ::;1, U I 'J \I . II 7 U 107.4 Z 0 1 '.1 J. J 7 U 

I.LF L CYCL L CUSTS ( l Y U lJi 1$ ) 
I) Ill' I> I:. Cost 42.113(, 29 . ) (1 7 26.392 2 S.3 (d Z4.(,uU 24.20U '1.1, • J 77 24 . 25u 24.1,] 6 

~ l' r<l,lll c t l" II Co s t 17H.77G DG.I,oU 12&.772 U <l . u 6 1 1 2S .24!! 1 2 3. Il J 2 11 '). 4 )] II tl . 4 II lZ 5 . 'J'J 7 
~ Ul'eratlulI" Ii. Iia ill tenance Cos t 1945 . YlS 11)2. 5J9 9J J.7 ':J') 7 S 2 . ':J Ul 7'JU.41l(' 6yl,.~UU h 4 U. I & I 54S .IJ1 5bU .711 
00 ------- ------- ------- --- - --- ------- ------- ------- ------- -------

I:.S;; I. l FCC Y C L I: CO S T Ll 6 7.1 1l7 12lJll.ldb I UH(,.lJ6 3 'JU(,. I,OL 'J 4U .J4J U4J.UUU 7 ULY7 5 (, IJ 7 • 7 'J jj 7 1 I. )1, I, 
~jo I.a r Arr ... , Cost 14 1]7.S23 1I"1 7.J 52 I I, UI . IIJ II, Uo. (,UU 14 a 7. .Ill! 11lll 7. J5l 14H\) .JY) 147 5.U26 147 5.4 1 5 
T it c rll,a 1 Co ntr ol Cost 2 J. 11 'J Z 5. 7 IS ZS.6U'1. '1. '). SIl6 25.7 I 7 n .72'! L J . 5 ~ J 25. ) 2() 25 . 2:.15 
l'o\ll!r Con d i tlonin g Cost Z(, . 27U LL. UlJ2 Il. I J:l ('.251.! S. Ot,6 4.274 J .77'.1 J. J7 5 3.U65 

------- -- ----- ------- -- -- - -- ------- ------- ------- ------- -- - ----
TurAL L1 F£ CYCL£ CUST nUll./1)7 LtiLJ. ' liS LtJu7. U'JO Z424 .lJ5U l4SU .4 :U, :l)(,U.355 2:l 'J 'J .7U 'l. 21 ') 2 . ) I ') U I S .u 5\1 
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LEU l 5 KII ESS (InCd) 

l:UL PE II FUllIlAflC E I'AIIAIlt::TE({S 
Ilard"are LiC e Cyc le s J 4 5 6 7 8 9 l U 1 1 
H:lxlmum flattery Lite (Yr ) 'J.i:.16 7.:.1lJJ 5.79 'J 1, . 8JU 4.991 J. 715 3.84 /• J . 939 3.1 U ') 
lIated Ce 1 I Capacity (All) 'JU ~5 45 4U 40 '.)5 J5 '.)5 JU 
II <1 K i ,,\ U mile I' t II of lJischarllc • 1 50 • :.1 4 4 . i9U .J)6 .H9 .JUi • J 77 • J 7 J .4 J 'J 
Uperating Ielnp e rature (deU- K) 2UJ 2UJ :.1UJ :lIn lU3 2UJ :ttl] LI.I) i U J 
i l Lax. lJisc h aru c Current (A) 19. l 'J 8 19 . 29 U 19.29U 19 . 29U 19 . 298 19 . 2 'JU 19.2') U 19. I. 'J U 1 'J. I. ') U 
Il inilOum Voltage (V) I. 11.4 I. 11 6 I. U'J 'J 1.0U'I I. 1 I 1 1. UUU I .0 'J 7 I. I 1 I I. OU 5 
lIechil q :e Fr<1ctioll I. 1 :lJ I.ObO I. U J6 1 . 0 il I. 0 lU I . U05 1 . 005 I. UIl5 I. OU 5 
Charue Cllrrent (1\) 14. a 7 4 14.0J':! 1 J . 71.2 13.522 lJ.)19 D . H5 I J. JI J I J . )l1 lJ.)10 

Char i,; c Voltage (V) I. & J6 'I .'u 5 5 1. b 67 I. 676 I. 64 J I. & U I I. uS 5 I. 6 J 5 I. & 7 U 
IJutt-liollr efficlellcy . 6:lJ • u J7 .6 J 7 • & J7 .663 • & J'I .&60 .676 .61.6 

I'll YS LC A L C 1l,\l\ACTEII 1ST 1(;5 
Total Nllinbcr of , Cells lJ56 I J 'J2 1416 1428 1 J 'J2 L440 14 16 I'.) 'J2 1428 
Ilumuer u( Parallel llatteries L:l I l I l 12 II. 1 l 12 12 1l 
fluHluer of i'tudll L c s (Jer llattery 8 6 6 6 6 6 6 6 6 
Buttery Ce II lie igh t (KU) J. 604 l. 224 I . UJO I. 6) J I. 6 J J 1. 4 36 1.436 1 .4 J6 I. 2J 'J 
llatt e ry Cell Vo lume (Cm- :n 1] I J tlOO 654 57U 57U 5U7 5117 507 113 I~ 
ESS HeiUh t ( l~ g) 57 J') Jtl06 32&6 2'Jtltl 1.'113 'l.7 04 2657 2611. l379 
ESS Volul.le (1'- J) J7.U74 :.12.491 1.2. 4 'J I I. 1..4 'J 1 2l.491 22.491 22 . 491 22. 4 'J I 15.6 U I 

L iF E CYCLE CllSTS (l'lUOH$) 
lllJT&E Co s t 1:l.616 10.76 ':J 1 U. 257 9.'J9J ':J . 89) 9.71 tl 'J.6~5 '1.59 J 'J.3UU 

~ Production Cost :1I,.U75 17.929 16.1.4 J 15.381 15. I 11 14.499 14 . HI:! 14.165 I J. 46 J, 
, U(>cratiuns /, lIaintenallce Cost 'J 5.540 %.U89 116.1;54 137.439 159 . 9)0 lUO.035 1.02.U71 in.nU ZIti. IoU 1.11 
~ ------- ------- ------- ------- ------- ------- --- - --- ------- -------

1.5:> L iF l~ CYCLE CUST 132.231 I 2/, • 7l.l 7 1/,2.'154 161.1:!13 184.934 2U4 . 252 226 . 054 i47.67U i61 •• U J I 
S o lar A l' ray Co s t iJ5.\))lJ 'l.J 2. 1 Jl 23:1..433 23 2. .ll 7 llJ.lll!7 lH.54] li5 . 47U 2lU . i6'J UU.Ii':Jl 
Ther,",",l Controi Cost 7.505 7.191 7 . 106 7 . 051. 6.762 6.964 6.7]4 6 . 563 6. ao 7 
Powc r CondLtionin!; Cost I. U 4 5 I. r. 45 1. 645 1.645 1. 645 1.645 1. 645 1. 645 1.645 

------- ------- --- - --- ----- - - - ------ ------- ------- ------- - - -----
TOTAL LifE CYCLE COST ]77.J2U 365.751. 31J4 . LJU 40).727 417.l21:! 444.4U4 45 'J. 911 476.155 501.175 

Exhibit 6a. Hardware Life Cycles (Capa,city Variable) 
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LI::O 5UI; \-I ESS (tll Ctl ) 

EUL I'L It FU IUIANC C I'A IlllllLT ~~ It S 
i1artlw are Llfe Cycle!! J 4 5 b U 'J I U II 
i·1 a x i m u ,n II a t t e r y Life (Y r ) ~. I S J (,.U66 5. 7 'J~ 4.UJO 4. J I II :.I. 7 I 5 J. 4 l!l J. II I 2.775 
Ita ted Cell CapacIty (All) 175 IuS 9U tlU 75 7U 65 65 65 
Iiaximullo Ue ptio of Uis c har ,;e • 154 .257 • 2 ~!l . JJ6 .J56 • JUl . 4 10 .41 U .41 1 
OperatinG Temperature (tl eG-I~ ) 2UJ ZUJ 2!lJ 2UJ 2UJ :lUJ :l6J ZUJ :lllJ 
la x. lJischarge Current ( A ) JU.594 JU . 59/, JIL 5~/, JU.5'J4 JU.5'J4 JU.5~4 JU.5~4 JU.5~4 JU.5~4 

IIll1 l,n 1I '" V () I tat: e (V) I • l4 1 I. I Ub 1. U,) I) I. UU!) l. OU8 l. UUU 1.0 77 1. U 7!l l. 076 
Recharge Frac ti o n 1. I I 7 1.054 1.0 J6 1.0 :l1 1. U J 2 I.UU5 J. 005 l.uU5 I.OU5 
Char L>e Current (A) :l 'J. 610 n.n5 l7./,/o) :l7. U4 J :It..1l211 2b.b:l,) :lb. &19 26 . 61') :l&. 61 I) 
Char Lt! Volt ;'!.;e (V) 1. (,]1} 1. bCt 7 1. bl> 7 . 1. b 76 1. 672 1. &111 l. 6 U J 1. & U 1 1.6 U 5 
liatt-li o lJr IHf lc le llcy • b:lJ . 6JU • b J 7 .6 J7 . 64 J . 6 JY • (, J 7 .6JU .636 

PIIYSlCAL CIIAI<ACTEl<lSTICS 
Total N u ,n b e r of Cells 1)56 140/, 1416 1421l 142U 144U I i, I, 0 1 /,1,0 141,0 
1I11oab c r u( Pacallel I;atterles 12 1 2 l:l 12 1 2 12 1 2 12 12 
lIu,nbe r o( Hotlule s p e r Uattery 10 Il U U Il U 8 II U 
Uattery Ce ll Ileig iot . (I~ [;) Ct. I} 51, 4. I 'J 5 J . 604 :L 210 J. 0 1 ) :l. III b :l. 61 ~ 2.6 I ~ 2.619 
Uattcry Ce 11 Volume (Cm-) ) l551 15 JJ I) 1 :.1 1164 109J 1 U 15 ~44 9/,4 'J 1,4 
I:S 5 li e it;h t (KU) IUUU:l 6~UU 6LJIl 55111 527J SOil 4707 1,7 U 6 470U 
t:ss Vo l.",oe (1'1- J) 67 . 147 J7.U7/, 37.1374 J7.874 :.17.1174 J7 . U74 37 . U74 37. 117 4 J 7 . 117 4 

I, I F E CYCLE CO S TS (I9 !l01l$ ) 
IJIJTF.E Cost 16. 3u 7 I:.!. 740 11.'172 11..472 11.195 10.96 J J 0.6115 IU.bU5 10.b1J5 
Produc t lon Cost I, U. 5 101 211.UJ2 25 . J02 l3.522 22.540 :ll.711 l U. 741 2U.nU :.IO.7/d 

C) Operation5 I. Haintenance Cost I Jb. 61 U l )U.,)04 16U . 065 196.7JU 226.457 255 ./o)"l. 21l:'!'Jll1 Jl4.JU7 346. 1,5) I .... 
~ ------- ------- ------- ------- ------- ------- ------- ------- ------ -

UiS l.IFE CYCLE COST 193 .466 17 'J . 676 205 . JJ9 :l) I. 7J 2 26U.ln lUU. lOb JlJ.744 :.I45 . UIO J77 . UUI 
:.;(') la r Arr ay Cost 410 . b'.lU 4UU.442 4U5.5011 405.150 401.946 403 . 94& 404.172 40J.71l& I, U4. I, 5 ') 
Thermal Co ntrul Cost ').776 ~ . )04 1).012 U.~04 Il . 7 U 9 11 .7 25 1l.695 1l.665 U. 7 I U 
Pouc r Contlitionil'l; Cost 1.645 1. & 4 5 1. 645 1. (, 45 1. b4 5 l. 64 5 1. 645 1. Ct 4 5 1.61,5 

------- ------- ------- ------- ------- ------- ------- ------- -------
TUTA L LlFI:: Cye,-!; COST b15.5U5 'j 'J'J.ub7 CJ21.5U/, 647.4:.11 672.4'J1. 7U2.422 72U.256 751}.'J06 7'J:l. 70J 

Exhibit 6b. Hardware Life Cycles (Capacity Variable) 
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LEU 1 UUI~\I lOSS (NICd) 

EUL. I't: It F U I{ II A N C EPA It MI E T E K S 
lI ardwar e Life Cyt:ies 3 4 ') & 7 II ') lU I 1 
i'lax imu,.l lIattery Life ( Y r ) Y. 15 J &.:J66 5.5J6 4.1130 J.946 J. 7 I 5 3 . l U 2 l.YUU 2. 7 YU 
Ita teel Celi C ... paclty (All) 35U 11 U 17') 16U 145 140 IJO lJO Il5 
tlDX 11OU'" lJel'th uf Ulschurge • 15/, .l57 • Jt) tl .JJb • J 72 .3U2 . 41 J .4 I J • I, l7 
Ul'er l.l tillt; TCIOI' CrDture (el e g-K) ltlJ 2UJ lUJ 2UJ lU) 2tl3 l U J Hl3 2 U 3 
tlax . Ui sc ha[i;C Current ( A ) 77. I tl') 77 . I tly 77. Ill') 77. I U,) 77. I tl') 77. I U') 77 . I UY 77 . I tlY 77 . 16') 
IILn Lmum Voltage ( V) I . 141 1 .106 I . UYO L. UUY I. un 1 . Utl 0 1. U6 CJ 1. UU ') 1.(7) 
Ke chDrge Fraction I • I 1 7 I . U54 I . un 1.021 1.00') I.U05 I . OU 5 I.UU5 1.005 
Ch lng e Current (A) 'JY.l.U 55. U 51 54 . 7 I 1 54.UUu 5 J. 471 53.l59 53.2:lU 53.2:ltl S3 . 230 
Chitrgc Voltage (V) 1. (d,) 1.667 1. 6 7 tl 1.67& 1. 6 CJ J 1. 6 U I I . & 'J& 1. 6'1 1, I. bUIJ 
\h,t t-\lour I·:f (ie Leney • I.J l.:l . I.JJU • b l Y . &37 . b2tl • b J'J .6 2 7 • b 2 U .63 J 

PIIY S ICAL C II A It ACT E K 1ST 1 C S 
lotnl Number of Cells I J5U 1404 11, l U 142U 1I.4U 144U 14S2 1452 14[,0 
II LIlli ll<! r of Parallel Uatterles 12 Il 1 Z U 12 12 12 12 I 2 
ilumbe r of ;Iodu l e G per i:attery t:l J:l Il 12 12 U U U U 
lIattery Ce ll \i e lght (Kg) 1 3 . USO U. JJJ 6.YS4 6 . 363 5 . 771 5.574 5 . IUU 5 . IUU 4. Y tl J 
lJattery Cc II Volume «(;'"-) ) 5 1 1 I JU5U l551 nlY 21UU 2U44 IIl')5 IU'J5 I U l I, 

CSS li e i 1.;1. t (Kg) 21241 1 J66 7 11772 lUU52 1 UU 34 \I 7 1 1 9U75 'Jon U6') I 
ESS Vo l11l.. e (1-1- 3) 54.u16 7 \1.4 & 5 79.4(,5 7Y.4b5 79.4b5 19 . 4&5 J7.U74 37. t; 7 4 37.U"/4 

L 1 F I~ CYCLE CUST S (19I.;UII$) 
IJUT&I:: Co s t 25.247 17 . S 66 15.7 'J 'I 14.'167 14.226 D. ')50 13. I, U 4 I J. 4 U J IJ.Uub 
t' rod u c t 1011 Cost 7&. III I, '). Q"l7 I, J . 4 71l I,U.41.6 37.7 I '.I 36.676 34.6LJ )4.612 J:J.J64 

Cjl Upcrutlollo /. ilaintcnancc Cost 2U9.2\.1] 2l9.411l 272 . S)7 319.U72 )b2.21l() 410.])6 36) . U05 I, US. ') I, S 43U . 715 
1.11 
C\ ------- ------- ------- ------- ------ - ------- ------- ------- -------

f~ 55 LIFE CYCLE CUST :J 1 U. 71 I 2'!6. III I )] 1. UOb )74.465 4 1 4 . 2Jl 461.3&2 411.U2& 45).Y6() I, tl5 • 11,5 
:; o lar ,\ r ray Cost 716 . 579 7l:l.6ll 7l4.J3U 7U6.076 71 U. 'J 74 701, . 7U4 714.167 7 l:.l. 71 7 7U6.711 
Ti,erlnai Control Cost 14.J5U 1).407 13. IuS 12.6U6 12.752 12 . 25 I 12 . 621l 12.5 U\.I I Z . 27U 
Power condit lOllIng Cost I . & 1,5 1. (, 45 1. 64 S 1. 64 5 1. 645 1. 645 1.61,5 1. b 45 1.645 

------- ------- ------- --- - -- - ----- - - --- - - -- ------- --- - --- -------
TUTAL LlFE CYCLC CUf,T IU4J.2U5 IU21,.47S I U6U.UU6 1 0Y5.592 1139.6U2 lIUU.042 1140 . 266 IIUl.911 12U5.772 

Exhibit 6c. Hardware Life Cycles (Capacity Variable) 
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Ll:U 1. ~UI: \-I ESS (tiled) 

EUL 1' 1: I: I'U ItIIAflC E I' A It A H t-: T E It 5 
lIard"ar e Life Cycl., ,, ) 4 ~ I> 7 U <) Iu II 
clux lml\'" Iia t t e ry Life (Yr) 'J. 1611 6.I)J7 5.5 I) 1 4.6/j1) 4. 17 J ).S/t! ). IS <) 20 <)/, II Z. 706 
Rated Ce ll CapacIty (All ) I, I, U 21> 5 :UU 195 IUS 17 S 165 l()ll 155 
HaY.. J.H1Ufll Dcpth of \)i s char~e • IS J • 2 S4 • )U(, • J4 5 .J62 • ) U/ • .4UU . 4 I 'J . /dZ 
Up.,rating Temp e,rature (deg-K) 2UJ :.iUJ :.iUJ 21lJ :.iU3 ZUJ ZUJ 21lJ 21lJ 
1·la x • 01schaqo:c Current (A) f)6.4US %.411S 96.4US 'Jb . 4US 96.4115 'Jb.4U5 \/6.4US 'I6 . 4US \/ (, • I, II 5 
I-littlmum Vultat.;e (V) 1. 142 1. lUll 1. O'J 2 I . UUJ 1. UU J 1.Un 1.06 U I.U70 1.0& <) 

I:ec Iw rue Fractlon l. I III I. uS 5 I.U)) 1.017 1. U II I. UU 5 I. UO 5 I . OU 5 I. UO 5 
Chaq; e Currcttt (A) 74.U92 6'J.U<J2 6ll.421l fJ 7. J 7 5 66. <) 77 66.S<lU 6 1>.546 66 . 546 66.S46 
Charge Voltage (V) 1 . 6 JU 1 . 665 1. I> 76 1. 6U 3 1.6UO 1.691 1. 697 1. & Y 3 1. 6 Y S 
\latt-Hour Efflciency . 6n .6 Jl . 6 JI .6J2 .6) 7 .6J2 . 627 .629 .62U 

P HYSlCAI. CIIARACTERISTICS 
Total iJumber uf Cell s 2712 ZUOU 2UH 21156 26S6 2904 2904 290 /, 2<)04 
NU fllhe r III I' a r a l1 e 1 lIatter les l4 l I, 1.4 24 24 24 '1.4 24 2/, 
Ilu 1.1 be r u r Llodules I, e r Iia t t e r y 16 12 12 12 12 12 12 12 12 
Hatt e ry Ce II li e 1 ~h t (KU) I 7. ) 'J 7 10. 5u I U.717 7. 742 7.348 6 . 954 6 . 56U 6. J6 J (, . 165 
Uatt e ry Cell Vo lu,.le (Cm-) 6 1.24 3Ur,6 J 2 17 2US2 26<)4 2551 240Y 2J'I.,) 2266 
ES S \-Ie i gh t ( I ~ g ) S3467 )1.1.4 9 291JI 26 J3U 25U96 2427 U 2JUbll 21444 2UD (, 
ES S Vo lur.,,, (W) 140 . J20 1 SU. <) JU ISU. \/ JO ISU.\/)O ISIl.9JO 15U.\/JO 15U.<))0 15U.YJO I 5U. <)10 

LLfE CYCLE CUSTS ( 1 9IlUI-I$) 
IJOTbE Cost J7 . J92 :1l,. 23U 21.u4i:l 19.360 IIl.63U I II. 1 4') 17.4JI 17. u1J 16 . 71 U 

~ 
Pro<lllctlon Cost IU5.7&4 117.119) IUO . 509 91.129 U 7.046 Ill, • 316 00 . '1.94 713. Z 47 76.240 

, Up.,ratioLi s & lIaintcnnnce Cos t S37 . U59 504.741 5\/1.001 6!l2.122 71l3 . 92& !l86 . 14 () 97&.393 1074.61 I 116 \I. 7 & II 
I.Il 
00 ------- ------- ------- ------ - --- - --- ------- ------- - - ----- -------

E S S LlFE CYCLE CU!iT 7bU.215 646.U72 71Z.55U 7Y2.&11 UU<).610 !JUU.&U5 1074. I III 116 Y. 9 J I IZ61.726 
S ol a r Array Cos t 1496.U9J 14U&.<l39 147'1.762 1476.6U2 1467.]64 14137.557 1491.144 14 Ull . 616 1490 . 01:15 
Therliwl Control Cost 28.101 25.626 2/ •• 673 2J.'I76 23.172 23~6U6 2J.I:IU9 23.500 2).546 
Puwer Conditioning Cost 2.%1 2. Yo I l. 961 l. %1 2.961 2.%1 l. !J61 2 . 9b I 2. ',II> I 

------- ------- ------- ------- ------- ------- ------- -- - ---- -------
TUTAI. LlF E CYCLE CUST 2l.U7.J7U 2l62.:lYU 2219 . 954 2'1.96.230 lJUJ.I07 'l.5UL UU9 259Z . 11:l 261l5.U16 2779.JI B 

Exhibit 6d. JUirdware Life Cycles (Capacity Variable) 
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LL:O 1. 5K \J 1:5 5 (flied) 

EUL PL: llFUI(HA llCL: I'A RAIIET Ell S 
lI ard\Jare I.i[e Cycle,; ) 4 5 {, 7 II 'I lU I 1 
! Iaximuln lIattery Life (Y r) 'J. 15 J 7.0% 5. '.16) 5 . 251 4 . Jill 3 . 1132 3. 2711 3.404 3.5uO 
Rat e d Ce 11 COl'olcity (All ) 50 50 5U 5U 5U 5U 5u 5u 5u 
N;] X illlll l,l Oe pth of O!,;c h aq;e • 154 .L4ll • 'L <J2 .Jl9 .356 .356 .401. . 396 . 3!12 
UperatinB Temp e rature (d ec -In 'LID 2/D ill) 2llJ 'LIlJ 2UJ 1.ID 1.U) HI) 
tlax. Discharge Current (A) II.U:n 17. U 1 ) 21.U51 2) .1 57 25.7'J.9 25.7'J.9 2ll.946 2ll.'146 2U . \/46 
Ii i II imurn Vo lta ge (V) 1. 11.1 I. 11 ) I. I US I. I U 2 i. U 1111 1. U90 1. U 7 4 1. U'li I. I U 4 
Rechaq~c Fraction 1. I I 7 i. U 511 I. 0 JII 1. 026 I. 0 12 I. U 12 1. ou 5 I. UU5 I.OU5 
Char!;;e Current (A) U.I,61 1 L 9 J 7 i5.UUO 16. HI 17.UU5 17.UU5 1'1.%4 19.'164 19.%4 
Ch ar!;e Vul.ta!,; e (V) 1. b 39 1.659 1.66U 1. 657 1.672 1.67U 1. 611U 1.(6) 1. (J I, I, 

Watt-li o ur Efficiency .623 .6J5 . 641 .6411 .64 J .645 .633 .653 .66ll 

I'IIY!) LCAL CIIAI\J\CIEKi!)TiC!; 
Total Number uf CelLs 2)7) 151)U 12U 7 117 U 1071 IU71 960 952 9J6 
(lumber u( Parallel Ilatterie s 21 l:J 11 10 Y Y U tl U 
IllI,n bel' of Hodllles per Ilattery U U () 6 6 6 U II Il 
Hattery Ce lL \~ eill ht ( I~g ) LUll Lun LOn J. . u27 1. • 0 n L 027 Lon loun LUll 
Ilattery CelL Volum e (C",- 3) 725 725 725 725 7'J.5 7'J.5 725 7£5 7£5 
L:S!) li e i t; h t ( Kg) 59U9 ld16 35B 2 'Jb 9 3U6 J 3U62 21, 7 7 245i L4U9 
E~ ::; Vo lu,ne (11- J) 41,.4 1 2 1.'1 . 60U U . 491 20 .5UO 20.51.\0 20.5UU 15.JU2 15.)02 1 5. J02 

LlFC CYCLC CUSTS (19UUII$) 
DIH!>!:: l:ost 1).46 I IU.'1\)5 iO . 2U5 9.779 9.5)5 \1.535 9. 1 l5 '1 . 0U7 9. U 34 
Productiun Cost 25 . 555 I U.bUU 1 6.669 i5.054 14.IIUII 14.UU6 LJ.274 l).lUU I J . Old 

'i'l Uperations Ii. Haintenance Cost 143.1,0 5 122.975 1 U 9.661 121. 291 130.566 149.UU4 lU2.015 2U2.16ll 221 . 7Jl1 
'I c ------- ------ - ------- ------- ------- ------- ------- --- - --- -------

t:;S:; LiFE CYCLE CU!)T lU2.421 l 52.56U l:J&.535 146.124 151,. ~ 89 171,.)05 204.4U4 224.443 2/d . 1I16 
So La r Arroy Cost 2 )5 . /d:J 232.2J'.I ;UU.4Ub 'l.Z 7. 999 2JO.)7U DU.01l6 2J2.'Ll'J. 227.tl42 L2l.7IJU 
Thermal CO lltrol Cost 7.4119 7.201, 7 . U59 6.930 6.955 6. <)J4 6.'1<)5 6. 7 tl 'J 6 . 622 
l'uwt! r CO llditionin g Cost 2. & 4 4 1.761 1.52tl 1. 409 1.2 tl 9 1.2119 1. 166 1. 16 U 1 • 1 b 6 -

------- ------- -- - ---- ------- ------- ------- ------- ------- -------
TUTAL LUI, CYCLC CUST 1,27.1)&7 )'J).772 375.60tl 3tl:l.462 )9).611 412.614 1.44.77 7 460.240 474.304 

Exhibit Sa. Hardware Life Cycles (Capacity Fix,ed) 

- - - - - - - - - - - - - - - - - - -
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Exhibit 8a, Hardware Life Cycles (Capacity Fixed) Continued 



LEU 5UKH I::!;S (II iell) 

EUL 1'1:: K FU lUi A IH; E I'AHAIILTEII.S 
lIarllwar e Llfc Cycles ) 4 5 6 7 U 9 IU 11 
II a x imu ,n lJ at tcry Ltfl! (Yr) ':I. 15) 7.096 5.5)] 4.714 4 . Jill ).1l4':1 J.171l J. u41 ;1. 7 Y U 
II. a tell Ce ll Capllcity (A II ) 5u 5 U 5U 5U 5U 5U 5U 5U 5U 
Il ax imu." \)cpth of Ulschar u c • lSI, .2411 .)UIl .340 .356 • ) 77 .4U2 .427 .427 
UperatinG Tem p cra tur e (d ell- K) 2IJJ 2U) 2IJJ 21D 211) 2U) 211) 21lJ ;1 Il J 
tlJ x. \)i sc hartlc Currcnt (A ) II.U27 l7. IJ I J U. U53 24.J75 25.71':l 27 . 2 4 'j 211.946 3U.1l75 JO.1I75 
" i 11 1 In U 'n V u 1 t ag e (V) I. lid I. I 13 I.U~U L. UIl5 I. UIIII I. Ull5 I. U 7 4 I. u 72 1.07 ) 
He c har lJe Fractlou l. I 17 I. uS (j I.UJ2 1. 0 19 l. 0 12 I. UOo 1.005 I. UO 5 I. UII J 
ChJrt.l e Current (A) 11.4&1 12. \I J 7 15.&30 17.056 17. IIIJ 5 L!j, U 22 I \I. Y6 4 21.2':15 21.2':15 
Chaq;c Voi ta llc (V) 1. & 'j~ 1.65'1 1. 67 Il 1. 6 III 1.672 1.674 I. 6 Illl 1. 690 1.6UIl 
Ih. t l-II Otl r 1::( f Lc Le n c y . 6ZJ • b J 5 .,r. 2 9 • ld 3 .643 . 61.4 .6)) .6 J I .633 

1'IIY:.ilCAL CIlAKACTEI:tST lCS 
Tota l Numb er uf Cell s 117 46 3UI6 2499 22 6 1 2 142 2U23 I92U I 11 15 IIlUU 
Humb er uf "ar al l e l Batt er l es 42 26 11 1\1 IU I 7 lu 15 1 5 
fj u ,nb c r u[ II0uIIlcs p er Ilattery a Il Il U II 13 U U !l 
Ua ttcl'Y Cell lie 19h t (Kg) LUn lou27 2. U2 7 2.U27 2.027 2.U27 2. U27 1 . 027 2. 112 7 
II at t c [y Cell Vo lum e (Cm- :J) 725 725 725 725 725 725 725 725 725 
E5~ li e 1 [:h t ( Kg ) II d 16 lJ2JI 6J51l 63\17 54 US 5551 4954 4971 4':1)6 
,,;:; S Vu lum e «(.1-3) 1313 . 1l 2 4 5 \1.2 I 6 44.412 44 . 4 I 2 42 . 160 42. 16U 30 . 604 )0.604 JU.604 

Llf l:: CYU.I:: CUSTS (19UUH S ) 
IlIlTt.E Co st 19 . 067 14. JII 3 12.1377 12.276 II.U613 11 . 572 11. 2:JIl 10 . Y 7 1 I U. Y3U 

~ 
Produ c tlun Cost 4 U. 1.4 II Jl. 7110 27 . 1110 26.231 '). 3. \I \) 1 23.606 21.\1'./2 11.64U 21.522 
Uperatlolls , Ha lnt e n a n ce Cos t 2112.277 lJU.\lU6 2 46 . 025 269.75U 2\19.655 321t.YOI 346. JI,6 363.226 B~. 125 

;:j - --- - -- ------- ------- ------- ------- - ------ ------ - ------- -------
t:SS LIFt: CYCLt: COST 347 . 7Y 2 211t..II.y 2 85.912 308.265 335.424 360.079 37'J.576 J1)5.1l45 4)1.577 
501 iI r Array Cost {tlO.72 6 I, US . I IJ [J 1,0\l . JUI 4U5.771 401.941 4UO. 226 4U5.14(, 4UH.20J 405.U 52 
Thermal Contrul Cust '}.77& 9.207 9. 151 Il.%l 11.709 1l. 6 01l U. 7llY ll . 7 ':Ill ll. ]]5 
p UWI~ r COllultlonln g Cost 4 . 7 5 ~ J. I u 9 2. U 1,4 2. 429 2. )20 2. 21 U 2 . IUO 1 .\lUIl I.YIlU 

-- - ---- ------- --- -- -- ------- ------- - - ----- ---- - -- ------- -------
TllTAL LlFt: C YCL E CUST 773.u5J 70J.713 707.UUlJ 725.426 74'IJ.J94 771.123 7'15.611 11I4.UJ4 1147.3 52 

Exhibit Rb. Hardware Life Cycles (Capacity Fixed) 

l _ - - - - - - - - - - - - - - - - - - -
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Hardware Life Cycles 

LEO 50 KW [55 NiCd 
Exbibit 8b. Hardware Life Cycles (Capacity Fixed) Continued 
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U : U 1 UUI:H I~ S S (IHCel ) 

EUL I'EKFUKHAilCI:: I'AItAltE'fEKS 
lIarelIJarc Life Cycles ) I, 5 6 II 9 lU I 1 
Haximum Battery Life ('ir) ') . 1 5) 6. ~ 5:J 5.5] 7 4. 714 4 . U I U :J. 4 ~9 ).27 tJ 2.1l&5 '2 . 5% 
Rated Cell Capacity (All ) 5u SU 50 50 50 50 50 5u 5u 
Iia x l lilUIol llepth of llischafj;<! • 1 51, • '254 . ]011 • ) 40 ' .)69 • ]I) '2 • 4ll '2 . 416 .4]U 
Uperatil1/l T em p<!ralllce (deg -Iq lU) '21l] lll) :lll ] 263 21l] 21l] 2U) '21l) 
Hax. lliscltaq;e Current (A) 1 L. UU Ill. 163 Zl . uS) 24.375 26.465 2!l . U6<J 2!l.946 2 <J . U 79 :I O. (j 7 5 
nlnlmum Voltll/le (V) L. 14 1 1.1 U <J 1.0')0 1. OU5 1.07(, 1. 070 1. 074 1.067 I.U64 
I:e cha q;e Fractioll 1. I 17 1. US 5 I. U J2 1. 0 19 1. U 1 0 1.0U5 1. uu5 1.005 1.0U5 
Char!;e Current (A) U. 461 1). 160 15.(dU 17.U56 I U. 344 19. ] 5 9 1 <J. 96 I, 2U . 6UU 2 l. :.! '15 
Chat:j~e Voltage ( V) I. (, )I) 1 . 6(,4 L. 6 7 U 1. (, III 1 . 639 L. 6 <J 5 1.6 Ull 1.6,)1l I. 7 U 2 
\');J t t -llou r Efficiency • (2) .6)2 .62~ .6) ] .6) I .6'21l .6] :I .626 .6:.! :.! 

l' II Y SIC A L C 1\ A It ACT E It 1 t; T [C S 
Total l~u,"l>cr of Cells '1 1,92 5 <)(, 7 "'J'J 8 45'2'2 420U )993 3U4U )751 )UUO 
!lumb e r of Parallel Uatteric s U4 51 42 Jll 35 )) 3:l )1 )0 
l'lulil be r of tloJul et; I,e r lIa t tery II U U U 8 Il U U U 
Uattct' Y Cell I~ e it;ht (Kg) 2.0'27 2./):.17 2. U '1.7 'LU:.17 LOll LO:.17 2. U 27 'l.0'll 2. U:17 
lIattcry Cell VolulII<! (Cr.1-3) 7'25 7'J.5 7'J.5 725 725 725 7'l5 7'l5 725 
L:S~ IJe 19h t (Kg) l471'1 16426 12715 1210) 10779 IOU95 9906 ')971 IOU:.! 6 
ESS Volum e (1-1-) 161l. nu 107.11U UIl.Il:.!4 76.5U'J 74 . 020 74 . U20 61.2U!l 61. 'lOU & I. lUll 

I 

LifE CYCLE COS T:; ( 1 9 U 0;,1 $ ) 
J) liT I. E Cos t :JlJ. I') 7 '21. 126 16.530 17.))1 16.454 15.957 15.5 1 U 15. 2 ~ 7 15.060 
Production Cost 9U.)'26 6U.5]1, 4 <J. ]45 46.)74 42.4&] 41.964 B.351 J'J.161l ]1l.959 

C"l 
Op e rations (" Naintenance Cost 559.61:.1 463.056 4UJ.115 527. !lIb 570 . 6<J3 61 'J. :.!:l4 67J.410 nU.124 7UO.4'12 

I ------- ----- - - ------- - -- -- -- ------- ------ - ------- ------- -------
~ E :;a LIFE CYCLE COST 600 • . 141 544 . 716 550.9~0 59!.5:.!! 629.61U 677. 1 45 ]]0.271 71l4 . 5U'I UJ4.5J1 

:-';0 1 a r .\r r ay Cost 716.u2U 712.]25 711,.248 707.942 7IU . 0],t 71] . 96'2 7,06. U 7 6 714 . 7UU 721.11) 
Thermal COlltrol Cost 14. 351) 13. ]5 II 1). 102 12 . 7:ll 12.66 ] 12.6UIl 12. ]7tl 1l.674 12. 1l2.S 
Power Cond itioning Cost 1l.567 5.611 4.759 4 . ) 7 2 4.U71l ).1l79 3.779 3.679 ].57 U 

------- ------- ------- ------- ------- ------- ------- ------- -------
TOTAL LlFE CYCLE COST 141~.&7U 106 . 010 1:.!!lJ.U99 1)16.556 lJ56.31lJ 1407.674 1453.304 1515 . 722 1572.0107 

Exhibit Bc. Hardware Life Cycles (Capacity Fixed) 

- - - - - - - - - - - - - - - - - - -
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Exhibit Bc. Hardware Life Cycles (Capacity Fixed) Continued 
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L£u Z5UKI/ I:!;S (lliCJ) 

EUL 1'1:: It FU IUIANC E I'A IlI\I1 CT E It S 
lIat-J'Hlce Life Cycle!; J 4 5 0 7 U 9 I U I I 
Nax llnU"l Uattcry Ltfe (\' r ) 9. 11,7 O.U&1l 5.5 J 7 4.5~4 J. 1)4 & ).4ILl ). 1 ZU loU)! Z . 5) (, 
1([1 t e d Ce ll Capacity (All ) 50 5U 5U 5u 5u 5U 5u 5U 50 
II a )( 1 "Il' on U C I' t I, u ( Ulscllar~ e • 155 .1.57 .)Uo .)45 . J7'1. . )')5 .4U~ .4'1.) .44 J 
l) per" till C T e.n I' e ra t U r C (det;-K) lll3 l UJ :lIlJ '1.lIJ 2113 2113 III J lllJ LU) 

Iia x . Uiscllaq;e Current (A) IloUIIU Ill . '] 7 'J 12.05) 24 . &)5 11> . (, 17 211 . 240 l<) . :Hl 3U.47U ) lo 71U 

1·li III '"'' 01 Voltat;e (V) lo 1101 I . I U 6 !. U'JO I. UIlO !.U73 I. U6 9 I. UI> 7 l.u&4 l. 05') 
Hechilrgc Fr a ction I. 117 I. 05 1, I . U)2 I. 0 1 U I . OU ~ I.UU5 I . UU 5 lo uu 5 I. UU 5 
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Cl,arge Volt (q~e (V) I. & b 'L 1. 695 I. (, tl) 1. & ~o I. 7 I U 1. 7 19 1. 7'l. I) 1 . 729 I. 71, & 
II" t t -II 0 u r Uflclellcy . 6tlll .&J7 • b:J7 .624 .601 .Stl4 . 57) .551) .53U 
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I;:UL I'EllFUl'.tli\tH; I~ I'Alli\\ I t:T \; \lS 
Ilard"are L1.fe Cycle s I I I 
II .. x IIRu,n lIattery Life (Ye) II.UlJI Y.4:lU 7 . 7713 6. 154 4 . 742. J. 4 Y Il 'l . J Y I, 1. 4) J . 6 90 

R' I ted Cel.l Capacity (A II ) !IS 75 60 5U 45 45 40 J5 J5 
tin xl 1I,1l 11l Uep t h u( Ul se lla q; e .250 .Jl5 .4uO . 475 . 550 . 6 'l. 5 .7 UO .775 .U50 

Upcratill ij TCr.1p c rnture (d e g -I: ) 2lJJ 2.UJ 2lJ) 2U) ,tU) :lIlJ 2\)) :ltD :l tD 
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Ilutt e ry Ce ll \I e L t; h t (Kg) I. U 2 I I • I J 4 1.247 1. J 6 I I. 5 U a I. lJ2 U 2 . 2 611 2. 722 3. 742 
Ha ttery Cell Volum e ( C ",- J) 1'1 J6 2UZO J4<> I J511 J<> 1,2 JU25 4U07 4L5U 4 7 '.16 
E ~S \I e it;h t ( l( G) JJ511 3 5 /,7 J7~U BUU 431U 5024 553 Z 621>3 UUll5 
ESS Vo Lura e (11- 3) 2 t!. I, i, 6 :l U. 1,46 1,4.6 <) 2 42.660 I, U. 753 4 U. 753 40.62U JI, . 5J4 )(, . SU 6 

L1Ft; CYCL E C U ~;T S ( 19 UOII $) 
IlIJT t.E Cos t 'I. 6 UI '1.U6U I U. 122 10.21 J IU.624 II. J34 Il.UI6 12.52 I 14.21 tl 
I't·o duc t LOll Cu s t 16.171 17.40U 1'1. <J J 9 19.6)4 :lI .4 J5 22.J77 2J . 91U 26 . 322 J2.IU4 
Op c rations E, Naillt e nllllcc Co s t 2U7 . 929 14 (,. U4 i, IIU.742 IIU.U94 UU.U)5 5'1.657 62.0J2 65.7UU 74.lo7U 

~ ------- ------ - ------- ------- ------- -- ----- ------- ------- ------ -

C ES:'; LtFI; CYCL E CO S T 234. JUI I 74. I 1 2 140.UOJ 139.941 112.U94 9 J. J6 U 97.766 I U4. 551 120. UOO 
!..i o La r Arr a y Cos t 42 ~J.lla3 1121. II> 5 4n.'I24 4U)'546 401.526 405.686 JU9.0tJll J76.5UO 36 1, . 4J7 
Th e rm a l Co ntrul Co st 9. U27 9 . &26 9.802 9.066 9 . 1 25 9 . 107 'j U.962 U.5IlU U. 2 44 
Puwer (;olldltl o nln B Cost 1.6 1,5 I. 645 l. 645 1.645 1.645 1.645 1. 645 I. 645 1. (, 45 

------- ------- ------- - ------ ------- ------- ------- ------- -------
TOTAL LUI:: CY CLE CU S T 675. ])6 (,U6 . 54U 575.174 55 i,. 1911 525 .1 90 51U.174 497.461 491.356 495. 126 

Exhibit lOb. Cell Life (Capacity Variable) 
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Ll:lJ I UUKII I:: SS (Il 1112) 

I:: UL 1'1:: I( F U I:IIAN C r: I'AI ~ AtIl': Tr:1{ 5 

lIa rdllll re LH e Cycl e!; 10 7 S S 4 ) ) ) ) 

lI a xlmum Il a tt e ry Li( e (Yr) 3.1)1)0 1, .2 SO S . 5 00 (, .750 U.OOO 'l . 1.50 10.5UU 1l.75U I J. OUO 
Rat e d Ce ll Capa c ity (A 1/ ) US 95 11 0 120 i4 (J 16 S 195 24U J 25 
Ii a xi,l1um De l'tll of U 1 n c I. tl r f.> C .6 S 7 .571 . 5 01l ./,111 .J'JO • ) J ) . 277 . 1LU • 16 2 
Up e rat i n g Temp e ratur e (dcg-K) LID 2H) :1IJ) 2U) 2 1l) 21J] 211) 21J) 2/D 
Ila)( • /)l sc llar ~e Curr " nt (A) 77. I IHl 77 . 11I1l 77.11l1l 71.11l1l 77.11l1l 77.11l1l 71.11l1l 71. lila 77 . I till 
Hin i.nutn Vo Lt 3 Ce (V) I. OilS ' 1.lu2 I. II U 1. 141l 1. 157 1. 15) 1. 1':1 J 1. 2J) I. nil 
I{ e cll a r t:e Fr a cti o n I.UIJO I.U]) l. 072 1.071 I. 071 I.U72 I. U 7 2 I.un I • U 72 
Char ge Currcnt (A) 5 7. '1.1,5 56 . U71, 56.7I1lJ 56.71l4 S6 .7 1l1, 56.71l9 56 . 71l I) 5 6.71ll} 56.7 U I) 
Char lie Vo lt auc (V) 1. 7 U 7 1.7U) 1.712 1.67] 1.677 I. (1)1) 1.6]) 1. 6 51 1.6) 2 
lIatt-li o ur L( (i c lell c y .5 U 9 .()UJ . 6 U5 .641 .6/14 .6J) . 666 • 6lJ 7 • 721) 

P 11 Y S IC A I. C II A I: t\ C T L R 1 S TIC S 
Tot a 1 N '"11 he r u C Ce l l s I O U 1404 1404 1)56 l:JIt I, 1]44 1 2 1)6 lZ6U I :l2 4 
H u r.lb t.! r of 1' 1I r.,ll e l Ilatt"ries IL L.l 12 12 12 12 I 2 11. L:l 
i~ U hllJ c r 0 f No dul e s per !l a ttery 5 5 5 5 4 4 'I 4 4 
I;a t t e r y Cc II Ilc i ZIl t (1:1.; ) 1. 'J 2 1l 2. 155 2. 41) 5 2.7 2 2 ). 175 J. 742 4.42J 5. 4 11 ) 7. ) 7 I 
U3ttery Ce ll Vo lUI"c (C 10-) )Ij 2 5 ) ')116 41211 425U 4492 47 'JU 5160 ')7U7 6741 
ES ~ lI e i g ht ( Kg ) 6 U"/ 5 II 4 7'1. 7 :liS 74)6 IlL42 94 J 7 1 0 46 ) 1214 9 1 5 42J 
I::SS Vo lUlnc (1I- 3) 44. 6 ') 1. 4/, • 6') 2 4 /,.61) 2 42.660 41l. 7,)) 4U.753 40.62U ) 6 . S6 6 FI. 5 % 

LIFe CY CLI:: CUST S ( I '.JUUiI $ ) 

~ /)IlTt.E Cos t 10. 'i 77 11.3Itu 12.023 12 . 2:15 12.99" 14.071) 15.0 l U 16. 5u Il 1 9 . 57 2 
'C ['c o uu cti on Cust 2,) . 16 5 2 6 . '.]) 1ll.I)H 19.u77 32.)75 )6.325 )'J. n) 45. )4 'l 5 6 .261 

'" Op e r a tion s & Ha lnt e 'Hln ce Cust L 5 11.5 U4 III 1. IIl5 1)) . 5)5 1)6.142 102.4U7 71l. til 7 UI,. 116 'JZo 7U l IU9.27U 
---- - -- ------- ------- ------- -- ---- - ------- ------- ------- -------

UiS LiF l:: CYCLE CUS T l '.JU . 72& 2 1 8 . 9 1) U 174. 481) 1 71l. U 51, 1107. 776 1 2 ,). 2J 1 I )U . llb'l 15 /, . 6 1l} I a s. 1 U) 
S u la r Arr a y Co s t 7 5 U.UJI 7J ~ .4/d 7)7 . ')19 704.01lb 70U.55) 701l . U65 679.017 11 5 7.U l O 6J 5 .l}76 
Th "c lll a 1 Cuntr o l Cos t 14.4'.16 14.0 B5 14.406 12.932 1).05U 1) . H2 1l.7J) 11. 95 'J 11. 2 95 
lJo\.J c r Cunultt a nill~ Cou t I. 114 5 I. 6 1, 5 l. 645 1.645 I. I) 4 5 1.6 lI5. 1. (, 4') 1.645 1. b 45 

------- ------- ------- ------- ------- ------- ------- ------- -------
TUTA L LiFt:: C t CLE CU ~ T lU 5 7./OI, !:I 7U . 171 92U.451) 1l\l6 .717 tl6)' U24 1l52.7U3 1l32. 2 64 1l2 ) . 2 lo) 1l 3 /,. U 1 9 
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LEU 2~UI:\J ESS (tll l1 2 ) 

EOL P L: I( F U [(j'1 A N C E PAltA<lLTERS 
ilardI/ar e Lif e Cycle!; II) 7 5 5 4 J ) J ) 

II Ll:C 110U I. Uattery Lif e (Y r ) J.UOU 4.250 5 . 500 6. 7 5U U.IJUU \1 . 250 I II. 5UU 11.75U I).UUU 
Ita ted Cell Capa cIt y (A II ) lOS 120 I J 5 15U I]) 205 245 JUO 405 
lIaxirnum Ue pth of Uisch arUe . 657 • 'J 77 . 50U . 447 .BO • ) J) .277 .nu • 162 
UperatiuH T empe r a ture (d e u-I;) 2UJ 2UJ :l!lJ 2U3 2U) 2U) 211) 2U) 2U) 
Nux. Uisc!tar,J e Curreut ( II ) lJ6.4U5 %.48S 96.4U5 \l1J.4US %.4U5 %.4US 96.4US ')6.41J5 96. 4 U 5 
IIlnllOum Volta[;e ( V) I. UU5 I. 10) I. 109 I . 14 U I. 157 I. 15 J I . I') 4 I. :l:J ) I. 21 4 
[l ee Ita r. be Fra c tlou I.UBI) I.un 1.07/. 1.071 1.071 I.U7/. I. U 7 2 LUn 1.072 
Ch a t'lle CUL- rent (A) 71. 555 71.U91 7U . 985 7U.97a 7U.978 70.9U5 70.9US 70.\l1l5 7U. 'Hl5 
Char t;c Vo 1 tage (V) 1 • 7 I) 7 I. 702 1.71) 1.67:J 1.677 I. 699 I. 672 I. 651 I. 6) 2 
\.Iatt-llour Efficiency • 50 U • (, () I, .604 .641 .644 • (, JJ .666 . 697 • 7 /' U 

l'lI Y S I C A L C II A II ACT L It 1S T 1 C S 
Total NumlJer uf Cells 2856 2tllJB 2U08 2712 :lIJ U II 26UU 25'1l 2520 1 44 tl 
Ilul.lJ e r of Pa rall e l Uatt er i es 24 L I, 24 24 24 2 4 24 24 21, 
NumlJer uf lIodules per Ilattctoy 5 5 5 5 4 4 4 4 
!l a t te ry l;e 11 He 11.l1r t ( KIl) 2. )B I 2.722 J.u62 J.4U2 3 . %9 4 . 649 5 . 557 6.BU4 9 . 1 U 5 
Uatt er y Cell Vulume (Cnr-J) 4067 425U 44)2 4(>14 4911l 52U2 5768 643B 77 14 
ESS "/ e iuht ( K[; ) 14 U 7J 161 I U 17606 I U:J99 20414 232U6 26079 JUltl1 JU16 ) 
ESS Vu III lile (N-J) 1.1 9. J U J 1l9. JIl) B9. )8J $5 . 319 97.506 97.5U6 IlL255 ]J . ln 77. I I) 1 

LIft: CYCLE CUSTS ( 1 ') Il 011 $) 

C'l IlUT&E CO<Jt I Z. ,/OJ 13.626 14.489 14.977 16. I!J 1 17.B25 19.460 2 1.1l62 16.578 

~ ProductIon Cos t ~J.U/,8 57.921 6:l.U2J 65.495 72.2U2 U1.&09 90.U51. \04 . 4)2 1 )1. 1<> U 
Up e r at i o n s & Maintenance Cost 534 . U04 J1l5.ld2 21l2. J\lU 291.2n 222 . U50 171.47U I<l 5 . 7JI 20&.4LU 21, b . 1>5 J 

------- - ------ ------- - ------ - - ----- ---- - -- ------- ----- - - -------
ESt) L1fE CY C LE CUST 6UU.755 456.979 :.159.702 HI. 764 J I O.ld) 27U.904 2% . U4) JJ:l.714 l,04 . 5':J9 
So l ar Ar r3 Y Cost 15<>7.L&b 15J4.596 154U.391 14(1) . 409 14&<'.117 1477 . UIlO 1417.IJ3 1)71.274 1327.)19 
T h erlllal Control Cost L Il. 1, 5 1 27 . JU9 21l . 2)4 24 . 52& 24.U24 lb.6U6 24.01.7 2<'.0'.15 1U. 4 J 5 
POller Cond L tionlll(l Cos t 2.961 2.%1 2.961 2.961 2. 96 1 2.961 2. 'J6 1 2. Y61 2 .961 

------- ------- ------ - ------- ---- - -- ------ - ------- ------- -------
TUTAL LLrE CYC LE CUS T 21')9.43) LULI . 'J25 19)L.2UU IU6/l . 740 loUU.JJ5 177U . J51 1740 . 164 1729.0 l, l, 175 5 . Jl4 

Exhibit lOd. Cell Life (Capacity Variable) 
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Gll! Z 5KIJ Eti~ (llill Z) 

t:uL Pt:ltFUlllIAllCt: 1',\l1.\11 ETE RS 
lIa rJ IJar e Life Cycles 1 1 1 1 1 1 1 
II a)( 1 r,1 U 1,1 1I J t t e r y Ufl! (Y r) J.UU O 4.25U 5.5UU (,.15U U.UUU !I.25U lU.5UU 11. 15U IJ. UUU 
Rated Ce ll Capacity (A 1\ ) J5 4U 45 55 6U lU US IUS jl, 5 
lIa)(i l:llIlO il ept h of lJisclwq;e • f.J 5 1 .517 • SUt! .441 .39U • J J J . 2 17 . 22U .1 62 
Ope ra t i ll g T eln p cra ture (d eg -I~ ) :ltlJ 2t!J :1lJ) ZUJ 211J 21D 2U) 2UJ 21l J 
tl ax . Uischarl;e Current (A) 19. 2 Y 1 19.291 1 ':I. 2 ':11 1 ':1.291 19.2':11 19.2':11 19. 29 1 19 . 2 !J] I Y. 291 
H 1n 1I.11l1ll V u I t J l; e (V) 1.245 1.26 6 1.2':11 I. H2 I. J JIl 1.)59 1. 319 I. J'J6 I.ld U 
Rechardc f ra ction 1. 11 U 1.07J LUll 1. U 11 1.011 1. 012 1.012 I.U]2 I . U12 
Char!;c Curr c nt (A) I • 1:l2 1. U17 1. U15 1. U 7 5 1. U 15 1. 07 5 1. U15 t. 075 I. U 1 J 
Ch ar ;; l! Volta!;l! (V) 1. 475 1.471 I. 1.6 fJ 1. 461 1.4bb 1.464 1.463 1.462 1. 1,61 
I/ a t t -Il oll r EfficIency .755 .UUl .1I20 • U41 . U52 .U66 .UUU • Il 91 .906 

P II Y SiC A L G" A It ACT t: la S T IC S 
Tota l Num u er of Cells 124 8 "12 24 1200 1171> 1164 Ill. U 112 U 11 16 lU n 
II u In be r 01 Parallel lIatter1es l:l 12 l:l 12 12 1 2 12 J:l 1 Z 
"ulOuI~r of ~Iodules per nattery 4 4 4 4 4 4 4 4 4 
lIattery Cell. Hcil:,ht ( Kg ) .7 '.14 . '.IU7 1. 0 2 1 1.247 1. ] 61 1.581l 1. 9 2 U Z. :.I U 1 :.I.2U'J 
lJattery Ce ll Vo lUI:l" ( C m~:.I) 177 2 11153 1':136 31.61 :.1521 :.1642 :.IU25 4U67 1,55:.1 
ES S IIci"ht (I~g ) 211>4 :.1 J4:.1 2514 21119 :.IU51> 3:J'J U :J'J 52 41>UIl 6 I 1 U 
ES S Vulu l:lC (1I~3) lU.Y64 17.) U4 17. ]U4 ]6.566 36.566 36.566 36 . 5b6 36 . %6 36.51>6 

Lif t: C YCLE CUSTS (l ':ItlUIi\i ) 
UUT&L Cos t !l . 11,] Il. '.I 16 9.U7'.1 9.441l 9.621 9 . ':15) 10.5UIl 11. DU 12.5% 
Production Cost 37.JJ9 :J'J.917 42.J1l1 55.'1.64 56.39U 58.562 b J. 01 73.993 94 . 711 

'P U" eratlo ll s (, Haintenance Cost .5UU .5UU .5UO .50U .5UU .5UU .5UU . 5uu .5UU 
'C ------- ------- - - ----- ------- ------- ------- ------- ------- -------
0., 

E S !) UF t: CYCU; CU ST 46.5Ul 1,9. ]J) 51.96U 65.212 66.511 69.015 74. 2 7~ U5 .72) I U 7 • U() 7 
Sular At"ray Co s t Lt.5Z U lU.9b2 lU. ](,2 10.575 10.4 a2 lU.JU2 IU.lUY 1 U. 115 9. Y) I 
Thcr~al Contru l Cost 5. 754 5 . 6U9 5 . 6 15 5.5'1.U 5.4U4 5.425 5. )13 5 . )] 1 5.1.77 
Power Co nd itio nin g Cos t 1. b 45 1. b/, 5 1. b4 5 I. 645 1. b 45 1. b 45 1. I> 45 1. I> 45 1. 6/.5 

------- ------- ------- ------ - ------- ------- ------ - ------- -------
TUTAL LLFE CYCLE COST b 5 . 5U9 I> 1 • (,1. 9 6'.1.9!;l Ul. 'J6U tl4.122 !lb.)!;7 91. 5U6 lU 2 . U14 lZ4. 66lJ 
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LI: U 5UKI/ t.:SS (lHIIL ) 

EOI. l' I: It FU IUIANe t.: P 1\ I( ,\II t.: T I: I: :; 
II a r d" ;1 r e Life Cycl es J J 4 5 u U II ill "0 
lI aximum Uattery Li(e (Y r ) 11. Ol) 1 Y. I, 2 Il 7.771l u. 15" " • 7" 2 3."YU 2 • 3 ~,J/, 1. " 33 .6 'JU 
Rated Ce ll Capacity (All ) 50 50 5U 50 5U 50 50 50 5U 
IItlxlmUIII lJeptll o( Ui s charg e . i5!) .3)5 ."uo • " 7 5 .550 • u 25 .700 .775 . 1l5U 
Uperatinu Temperature (deU- I:) 2UJ 2U) ill3 lll3 21D 21D 2113 21l) 21D 
Iia x • lJi s cllarue Current (i\ ) 1 7. Ii 1 ) 23.15 7 2(3.'J"u )3.UUU )1l.5Y" "2.10) H.)l) 51.45') 57. un 
1'llnimuIII Voltau e (V) 1. il) 1. 1) 7 1.150 1.1)2 1. 103 I.UUu 1.U7/, 1.061 1.UH 
lt e chat:,~C! Fraction 1.U71 Lull 1 . 0n I.U72 1.U72 I.U77 I.Ua5 1. 0,)" 1.11" 
Cila q;e Current (A) 1).IU" 17.U31> 21.296 24 . nil HI. Jl) 4 31.143 34.505 )U.ubU "4 . 27 ij 

,~ 

CharU e Vu 1 tage ( V ) 1. 662 1. 6 'J 5 1. 6 U) 1.6U'J 1.7U,) 1. 7 1 6 1. 71 7 1. 7:lS 1. 7" 6 
\latl-lIuur Ef(iciency .6 U 2 .6J7 .63U . 625 . 60l .5t17 . 577 . 562 • 531 

('IIYSlCAI. C II ,\I( ACT E R J.:n lC 5 
Total Numher of Cells l7U2 2240 lliOU 15'16 1404 1301.) 12UO 10'JU 100U 
Ilumber of Parallel Uatteries 26 20 16 1" I 2 11 lU 'I U 
Number of Hodul. e s per Uatt e ry 4 I, 5 5 5 5 5 5 5 
Bilttery Ceil He lUll t ( KU) L.1H 1. 134 1 • 134 1.134 1. 134 I. 134 1.1)4 I . 134 1 • 1] 4 
Ilattery Cell Volume (C",-3) 21) 2 0 i020 202U 2020 202U 2020 202U 202U 2020 
ESS I/ e .lght (KU) bY50 5611 4355 H2,} J 5 51 3726 3152 3216 27UIl 
ES 5 Vu lUl,'C (H-) ) 6).26J 5'J.lJ)l 36. 137 29 . 'J65 :l1l . 446 21l.446 IS. ')07 15 . 1.)07 1 U. 'J21l 

LIFE CYCLI:: COSTS ( 1 1.)U UII ~) 
c;') IJIJT&I:: CO!Jt 13.762 12. :l50 1 1. 017 10.4/7 '.I.1l6'J 9.65" 9 . 2 U 1 \I. OJ! Il. 70 /, , .... Pr o duction Cost 2'1.411 25. Jl 'J 2U.5"6 111. U'J) 17.401l 17.430 15.U)] 15.51.) Y 1', . 351 c 
C Uperatlons /, ria lnlenance Cost 103 . 5/,2 Ul. 755 105.016 117. U6/, 125.076 1S7.)U5 2l'.l.J5U 340.2U4 623.U67 

------- ------- ------- ------- ------- ------- ------ - ------- -------
~ S :; Lift.: CYCLI:: GUST 146. 715 12U.)24 136.57'.1 147.174 152.35) 11l4.469 244.66U 36/,.'.111, 6/,6.122 
$ular ,\ r ray Gost 3U4.l57 4U5.U52 4U5 . 6J1.J 40\l.6U5 422.2)6 4)1.416 4J6.9U7 447.417 467.41)U 
Til e rill" 1 Control (;oO$t Il . 7 (34 \1.4 :l) 9.21,] \I. J48 9.729 9 . 98) 10.110 10.411 I 1. III 
Power (;onJltlonln B Cost J. 16y 2.537 2.1UO 1. Il 75 1 . 645 1. 528 1. 40 'J 1. 2 U 9 1. 166 -------- ------- ------- --- - --- ------- ------- ------- ------- -------
TUT ,\L LlF" CYCLI:: (;05T 541.'Jl5 5]7,))6 553.565 561l.UU2 5tl5 . 963 627.3'16 693 . 094 tl21,. (J] 1 1125. Ill) 7 

Exhibit llb. Depth of Discharge (Capacity Fixed) 
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LEU 10UKII I~ :; S (tHIIl) 

EU L I'lltFUltllANCE I'A I{AIII;T Elt S 
II" collla r e Lile Cycles J J 4 5 6 Il 12 2U Itll 

Ilax Imu,o Uott e ry Life (Y r) II.UH 9.421l 7.771.l 6. 154 1,.74 '1. J.49U 2. 394 J. 4)) .69U 
Rated Cc 1.L C"pacity (All ) 5U 5U 5U 5U 5U 5U 50 5U 5U 
r·la x ll11ulIl De pth uf 1J1 sc harUe .25U • J2 5 . 4(JU • 4 7':> .55U . 6'1.5 • 7UU .775 .U5U 
Uperatiny Temperature (d ell -I() 2UJ 2UJ 2U) 211) 2U) lUJ :lID 2UJ 2UJ 
lIax. IJischaru e Current (A) Ill . 163 n. 157 HI.946 J4. J06 3U.594 44 . IOU I,U.75U 54.4B5 57 . Un 
IH n lonum Vo Ltat;e (V) 1 • 21 1 1 • ~ 5 7 1.15U 1. l:lO 1.1 U) 1.0 U 2 I.un 1. U 5 Il 1. U) /0 
Itecitaq; e Fraction 1. U 7 I LUll J.on LOn Lon 1.077 1.0U5 1.094 1. Ill, 
Chargc Current (A) 1 J. :lb 2 17. U 36 21.296 25 . 240 2U . J94 J2.b'1.7 :16.)21 4U.942 44.27U 
Clo u q;e VoLt ::lI;e (V) 1. 662 1.695 1. 6 U) 1 . 69U 1. 7 U 'J 1 • 7 III 1. 719 1.727 I . 746 
Ilut t-lluur E([lcLency .r.I.lU .(,)7 .6)U .6'1.4 .6U'1. .5U4 . 575 .560 .531 

I'IIYSICAt.. CIIARACTEl\lSTICS 
Tot n 1 N u 'n b e r o( Cells 545 7 44UU J6 16 )105 21l0U 252U 2299 2U74 2UOO 
Number uf Para lleL Ilatterles 5 1 I,U )2 27 2/, :ll 19 17 16 
Number of Hpdu Les per Bat tery 4 I, 5 5 5 5 5 5 5 
lIattery Cell Ileit;ht (Kg) 1 . 1) 4 I .1:1 /, I. I J4 1. I J 4 1.1 J4 1.1)/0 I. 1 J 4 1. 1 J/, 1. lJ I, 
Ila ltery Cell Volum e (Cm-J) '1.020 20:lU 2U'1.U 2U20 2U20 2U20 2U2U 2020 '1.0l0 
ESS \-Ie i g h t (Kg) I) 1119 IOBU 1l7U Il 799'1. 71 U 2 (5)7 6727 ('O)J 5575 
ESS Vo 1 u",e (11-) 11/,.4)0 IOJ.240 n.ll) 59.9)1 56 . 7114 44.94U 4/,.94 Il 42.b69 ) 7.85 (0 

LIFE CYCLE CUSTS (19UUU$) 
DUT" E Cost 19. 757 1 7. I \I 3 15.0J') 13.754 12.964 12.220 I 1. 7 () 2 11.095 Ill. 117 5 

~ Productiun Cust 5J.))5 4 2. 776 Jb.29U ):1 . 1l0J JO . OI)6 27.U97 :l7 . 505 25.l57 24. UI,/, . Operations & (I a 1 n ten a It c e Cost 197 . 934 15U . 70J 202.1190 219 . 701 2)1I.779 H16.796 JY7.5Ul (,05.5)4 11&1.6)tI .... 
c ------ - ------- ------- ------- ------- ------- ------- ------- -------N r 

t::;s LHE CYCLL: COST 271.026 2LU.6J:l 251,.2ll 266.4511 2111 . UJY )26.9IJ 4)(0.709 641.I.IU6 1196.5 5 7 
Su La I- Array Cost 67u.555 7 U(O . 7 l:l 7U7 . 7)7 72u.174 7J&.702 75U.464 7611. lO) 7111.67& tll 5.507 
The r'na 1 ControL Cost 12. ) 76 l)'b45 I J. 292 L3.51111 14.251.1 14. tl tl) 15. 144 L5 . 676 17.02J 
Power Cunditioning C06t 5. (J! 1 4 . 5u6 J. 77 'J J.In 2. Y61 2.64/0 2. 429 2.210 Z. 100 

------- ------- ------- ------- ------- ------- ------- ------- -------
TUTAL LHE (;YCLE CUST 95'J.5!JU ')4),595 97'1.0)5 IUU)'492 IUJ5 . 7bO Ll02.904 1222.4tl5 1441.4411 20)1.1117 

Exhibit 11c. Depth of Discharge (Capacity Fixed) 
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LEU 2 )UI:\1 l.:SS (IHlIl) 

EU), p t.: It Ftll: III\1H': J; I'A It,\ 1'1 1::1' I::t: S 
11:1 r(.I\oJeJ re Life Cycles J 3 4 5 6 II 12 ' 2U 4U 
tlaximurn Uattery Life (Y r ) 1 1 • () 9 I ':J.4lU 7.77 '1l 6. 154 4.742 :.I.49u '}.. 3':J I, I.Id3 .h':JO 
Ita t e d Cell Capllcity (All) 5u 50 50 5U 50 50 50 5u 50 
1'\ a )( 1 "n, In II cpt II u [ llls c llnr l~e .25U • :J2 5 .4UU . 117 5 .55 II • 6l 5 • 7 UU .775 • U 51) 
Uperatin g T em per a tur e (Jeg-K) lUJ lU) 2!» 2U) 2U) 2U) 2 1D 2U) 2!lJ 
Hax. lli sc har gc Current (A) IU.09U 2). 157 21l.946 )4. U54 )9.24U 44.5)1 4 ':J. 201l 55.135 5 ':J. ) 7 5 
Hlnimum Voltage (V) I. n 2 l. 157 1. 15U 1.1)0 1. 1 U 2 1. U III 1.Ull 1. U 57 1. 0) 2 
/{echaq;e Fra ctio n 1. U 7 I 1 • U 71 1.072 1. U 7 2 1.072 1.U77 1. OilS I. () ':J4 1. 1 14 
Charge Current (A) I). )Oll 17.0)6 :.!l • 2 !J6 25.U54 211.tl75 )2 . 939 )6.707 41.4)0 1,4.1,z5 
Char!;e Voltaljc (V) 1. 662 1.6'!5 1. 0 U3 1. 6 ':JU 1 . 7U9 1. 719 1 . 7ll) 1. 72tl 1.746 
lI a tt-/lour Ef f Ic Le ncy .6 11 1 .6)7 .6Jll . 624 .6 U 2 . Stl4 .574 . 55':J • S J I 

P /I Y S 1 C A J. C II A I: ACT E III S TIC S 
Total Number of Cells 1)696 11200 90 1,0 77 5 2 6903 6240 5()U7 5124 Ii/I 7 5 
lIulI,bc r of Parall el Uatteries llu I Ill) Ill) 611 59 5l 47 42 3Y 
lIumb er of 1I0dule s per lIatt e ry 4 4 5 5 5 5 5 5 5 
l.I atte ry Cell tic IUh t (I: g) I. I J4 l. I J I, 1.134 1 • 1 ) 4 1. 134 I. I )4 1. 134 I • 134 1. 1 ) 4 
Batt e ry Ce ll Vo lume (CIn-3) 2U21) 2U2U 202U 2U2U 2 0ll) 21)20 2U2IJ 2U '2U 2U2U 
E~~ He i t;h t ( 1:1;) HUU 271,4 1 21769 2U469 19201 1 75 () 7 1547J 14 U6) 13~1) 5 
I::SS Vo lume (W3) L<d.56U 2611. 1,30 lUO.6UO 162.6l0 151.420 IJ2.5UU 113.57U U'i.U!J6 94.640 . 

LIF E CYCLE CUSTS (l ':JIlU II $) 
IJUT&I:: Cost l7. 219 1.).2116 I':J. ll) 4 17.U01 16.444 15. ) 5 L 14. 1,04 1).ldJ9 LJ . UU4 
l'ruduction Cost 1111. U 5 'i 102.1U7 U3.U66 75 .9 Jl 70 . )73 64 . 675 5U.)9U 5).512 52. 51 7 
UIJerat Lons & "ainten<lnce Cost 4U7.u71 JIl7.1l39 1,94 . 1l57 534.9% 56 Il. 7 ')4 61l3.195 942.752 1426.431 27U2.471l 

c;"l ------- ------- ------- ------- ------- ------- ------- ------- -------, ... 
[!i!i LiFE CYCLE CUST (,) 2 . ) 5 9 5L3 . 2!J2 597.757 621l.7211 655.611 763 . 221 1015.554 1493.412 z]()1I . 07'J Q 

"" 5t)lar Array Cost LJ'i'.l.))) 1474.970 1477.127 1492./,41 1537.')52 15 U). 1 (,ll 1(0).6\10 16)\.U12 1()72.)71 
Thermal Control Cost Z3. I Jl 26. :J 11 25.4)0 25.971 27.1l61l 29.415 30 . 0U2 JI.415 )4. 1 16 
I' o w" r Condltionlng Cost 12.l45 9 .9J2 1l.22U 7. 161 (). )49 5.704 5.236 4.759 4. 1,69 

------- ------- ------- ------- ------- ------- ------- ------- -------
ToTAL L HE CYCLE COST LU67.U6,1I 2U21,.495 2lUU.534 :lL54.)01 2227 . 7UO 2JIl1. 5011 2654.5611 Jl6\.39U 1,I,7Y.OJ5 

·r 

Exhibit lId. Depih of Discharge (Capacity Fixed) 
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L I~ O ~ 111: 11 LSS (Ill IlL) 

LUL ['UtFUI:HAtlC E I'AltAilbTEllS 
lIarlh>are Life Cycles " 5 6 tl '.I lU 1 I 
i'lCJxJ.mum 1I.,ttery LJ[e ( Y r ) 9. II, II 7.5H 5.911 5.uZU 4 . 4 J4 1,.065 I,. 191) 2. 765 Z.lllJl) 
Ita ted Ce I L (;apaclty (II II) IIU 65 55 5U 4) 45 45 4U 4U 

f1axlmul1I Ueptlt of lJiscltnr tl c • )) U ./d 1 .4 U 7 .5)5 .5'.1Z :5'.1U . 5 U 2 .675 .b65 
Operatlntl Temperature (d e tl-I: ) ZU) 2U) .lU) ZUJ ZU) 21D 211) 211J 2tlJ 
Il a x . IJl sc hartle Current (A) JU. 5 '.I', ) U.S '.I', )IJ. 5 '.14 )U.5'.14 )U.594 )!l.594 )!l . 5 I)', J!l.594 ) 11. 5 1) I, 

IIII11IOu," Volta!>c (V) 1. 14'.1 I. 14) 1.122 I. 1 12 1 • 1 U 1 L lU7 1. 124 I. U 7 U 1. Utlll 
Ite c ll a rgl! Frnction I. U 7 2 !.Ull 1. u72 1.071 1.074 I. U 74 l.u7J I. un I. UU I 

Cltartl e Current (A) ZU. J9/, 2!l. B4 ZIl. J'.I4 ZIl.391 ZII.471 2U.46) 2!l. ',',4 :.'11.659 211. 6 Jll 

Chart;c Volta!>c (V) I. 70 Z 1.690 1. 69U 1 . 6'.1U 1. 697 1 . 6 U 9 1.666 1.7 Z6 1. (1) I) 

\Iat t-llour Lfflciency . 630 • b) 1 .6 I 7 .6 1 1 .6U4 .610 .629 .574 .5')) 

I' II Y S leA L (; II II It II C T E HIS 'I' I C S 
Total flulllb\! r of Cells 1)56 lJ56 lJllU 1 )92 1/,04 l404 DUU 145 Z I', Z t; 
Ilumber of Parallel iJntteries II 12 12 l2 I Z 12 I" 12 12 
Number o( HoLlulcs per l.Iatter:J 5 5 5 5 5 5 5 5 5 
lIattery Cell He i <;It t (I: g) 1. Ill/I 1. 474 1.247 I . 1)4 I • 0 Z I LOU 1.021 . 9U7 . 907 
Il a ttery Cell Volume (Cm-3) ) 76/, J5<l2 3461 Z020 1936 19 )6 19)6 IU5J la5J 
ES S lI e i tlh t (I: tl ) 4116U 4 154 :I 7]'j )5H JJOI )21) 5 nJI3 ) ISS JU91) 
ESS Vo lum e (11-) 42.6&0 42.660 4/, . () 9 Z ZIl.446 2U.446 Zll. 44 () ZIl.446 ZIl.446 ZU.44(, 

LIFI~ (;Y(;L I: CU STS (1,)IIOil:;;) 
IJIJT& E Cost 11.17J 10 . 45b 10.046 '}.ll)Z 9.615 9.614 '). 54) 1).4111l 1).4 Z I 

c;") Pr o du c tIon Cost 11.739 19.952 19. 1J4 1 17. :.101 16.5116 16 . 573 16.J61l 16. LJ4 15.9) 7 
, Up e rati Oll s I. lIailltenanc e Cost 66. J 1 7 IJ 7. JL 7 110.517 124.747 14).291J 164 . 4114 H!4.697 ZUJ.5Ll 22),2) /, .... 

I..,. ------- ------- ------- ------- ---- - -- ------- ------- ------- -------
<::> E SS LIFE CYCLr. CUST 1)9. 229 117.7<'5 14U.404 I )l.Il"U 1(1).4\1~ 190.671 210.bUIl 229.149 2 'dl. 592 

S o la r Array Co ,; t 4UI).l73 4U6 .11 75 414.:.1)4 417.17U 4:l0.IlUl 419. 1 I 5 4Ull.527 41,u.457 42 ':1.0 1, \I 
Tllermal Control Cost \1.557 9. ))9 9.5 10 9.524 ':1.560 9 . 4) I 1I.9U'J 10. 12U '1.722 
I'olol e r Cunditlonin~ (;ost I. b 45 1. b 45 1. 64 5 I. 64 5 I. 645 1.645 I. 645 1.645 I. b4 5 

------- ------- ------- ------- ------- ------- ------- ------- -------
TOT ,\L I.. In. CYCLE cu~.n 5 11).7 U4 S:l5.SIJ4 565.119) 5t;U.219 6UJ.5u6 62U.1J6Z 6Z9.7(1) ullL.479 6U9.UOI.l 
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LEO 1 UOi; \I E:;:; «(; 111l) 

EUL I' E 1\ FUI:II,\I1~ L I'AIlM\LTI : I~ $ 

lIal:d\.l ar~ Life Cycles J I, 5 6 U 9 lU I I 
H a x I,ll u ,n Ilattery LIfe ( \' 1') 'J. II, U 7. I I 7 5 . Y I I 5 . 02U I,. 2) l ).61ll, ).1,72 2. 7Sl l .IlU U 
Hated Cc 11 Capacity (All) IbO I l5 110 IUO \/0 9U U5 US UU 
Il aximufil I.)epth o( lJi sc har .,C! • ))U • 1,)0 • I, U 7 .s )5 • SlJ 5 • 5 ~ 5 .61.7 • (,)5 . 665 
UperatinG Temperature (d cG- I~ ) 21JJ 2U) HI) 2U) 2U) 2U ) 28) 21D 2 U) 
Il a x. lJischaq; c Current (A) 77.18lJ 77.11l9 77.1 IllJ 77.IU~ 77.11l9 77. illY 77. Ill') 77. I II Y 77. I UlJ 

f\ 
I·l1ni,aum Vo lt alje ( V ) I. II,,! I. IJ I l.1Z2 to 112 1. UY 5 1. U91, 1.0'J 3 1.077 1. Ulltl 
1\ e c h a r g e Fra ctio n 1. U 7 I 1. U 7 I I.U71 I.U7! 1. U 7 5 1. 075 1. U 7:1 1. U 7 U 1. Oil I 
Char lle Current (A) 56 .71l4 56 .7 til, 56.71l4 56.7U4 56.953 56.953 57.107 57. I I, 9 5 7.17 6 
Ch aq; c Voitalle (V) 1. 7U2 1. 7 U I 1 . 698 1. b 91l 1.706 1.707 to 699 I. 72 J I. <> 9 9 

\A1 
liatt-liour IH (ic Leney .6JU . 62 I • (, 1 7 .611 . 59 7 .5,} 7 • 5 'J7 .5UU .S'J) 

l'IlY :; I CAL CIlARACTEl{lSTIC5 
To ta 1 Number o f Cells 1)5 b 1)6U DIlU 1)<)2 141 6 141 6 1 I, 16 141, U 142 U 
IlulObe r o f Pa ral l e l llatterics U 1 2 12 Il 12 1 2 1:l 12 U 
{I u m her o( Nodu l es p e r Hattery ~ 5 5 5 5 5 5 5 5 
lIatt e ry Ce II li e lljh t (K g ) ).6 2 'J 2 . U 3 5 2. 4') 5 1..26 :I 2. U4 I 2. 041 1.92U 1.92 Il I. U I 4 
lIattet· y Cell Volum e (C",-) ) 1,7 J 5 4]10 412 U 4007 )U1l6 )Il ll ll )11 2 5 3U2 5 ) 7 6 I, 
I~ :; S 1·le Iljh t (Kti) ,} 3 5U 77115 7U9U 66(,3 62 75 627(, 6022 (, 1J5 5 U 1 6 
E:; :; Volu me (n- 3) 42.6f,U 42. 66 0 41,.69 2 44.692 44.b92 44.6')2 44.69 2 4/,.6~1l 41, • to <) 2 

LiFE CYCI.E CUS T S (1 9U OH ~ ) 

UUT&E Cost 1 J. 9 U6 12.52U II. 912 11.514 11.159 11.16U 1 U. 92 (j I1.U 26 10. 741 

c;) Pr,)dllctiul\ Cos t 36.U31 JU.74() 2U.5)9 £7.1()) 25 .U24 2 5.U27 24 .990 25 .)54 24.)15 
, Uperatlons (" Naint e ll <lI1Ce Cost U5.')<)4 lUU . 515 1)2.531 15(,. 1 (, Il 17 (j. 25 1l 2U5.1U4 227 . 3 41 255 . 4B2 275.U22 ... 

c... -- - ---- ------- ------- ------- ------- ------- ------- ------- -------
~ ES:; LIFE CYCLE COST 13 6 .011 151.77 5 1 7Z. 9112 19 1, • 7115 115 . 241 242.171 26J.25,) 29 1.U62 JlU. U7U 

50 la r Array Cost 7 I I, • U I, I, 7l :.l.1l6 7 71. 2 .llto7 7Z7.U79 742.4 2 U 74 2. 744 741.521) 7 60 .600 741l.57) 
T h e rm a l Co ntrol Cost D.9 1 0 I). 1l1l5 1 ) • III 7 D.1l47 14.272 14.301 1 1,. 1 U 1 1 5 .0 JY 14.24 2 
Pow e r Co nditioning Cost 1. 645 I. 645 1. 645 1. 645 1.645 1. (, 45 1. (, 45 1.645 1.645 

------- ------- ------- ------- ------- ------- ------- ------- ----- - -
TUTtIl, LIF E CYCL!:: CU ST U65. 6 10 IlU6.172 91 1. J 11 'J) U. 156 973.57:1 louCl.1l 6 1 10lO.5)4 1069.146 1074.5JB 
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LEU 25 01: \J ,,~:; (tHII:l ) 

1::0 L PI~ IlFUIlHANC E I'AllMIJ:T EllS 
lIaroIJ ilre Lif e Cycles J 4 5 I> t! 9 10 II 
Ha x 1"1" ,n llattery Lif e ('{ r ) \I. 14 U 7.021l 5 . 6U7 4 . 7 I> 0 4. I 7:J J. 77 2 ).)U4 ).OGI 2 . UIl\l 
Itntcd Cell Capacity (All) lUO 15') 1)5 115 US 110 lO S IUO IUO 
lI a xi,,, 1I on Ue Jlth of Ul sc hilrue .nll . 4)4 • 4 \Ill . DIl .5 U) . 1>0 7 • G:J7 • b6 7 . 665 
Up er atinu Tem peratur e (o e g-K) :lUJ 2U) 2UJ :lUJ 2UJ 2UJ 2113 21l) 2tD 
flax. lJi s cha r t;e CurrellL (A) % .4 a5 %.4115 96.4 US % . 4115 %.41l5 \lb.4a5 'J6.41l5 \II>. lollS %.4U5 
HintmulII Volt a),;c (V) I. p, ~ I. 12 \I I. 114 1. lOS 1.0% 1. 0\14 l. UIl6 1 .0114 I. UIII:! 

I 
Recl l urge Fra ctio n l. U 7 I I. U 7 1 I. 071 l.071 I. 07 4 I . U76 1. 07 tl l. Oal 1. UU I 

Char t;e Current (A) 70. \l71l 7U . \l711 7u . 971:! 70 . 9 7l1 7 1. 124 7 1. 21>J 7 1 . 1,42 71.I>Ua 71.595 
Ch a r ge Vo lt ag e ( V) I. 70 l 1.7U4 1.706 1 . 701:! I. 707 1 .7 U) 1.70\1 I. 7 UG I. I> '19 

li a t t - II ou r Ef(lciency .I»U • I> III • I> I 0 . 604 . 5'.1U .597 .511'1 .511a . 5'13 

P Il YS lCAL C II A It ACT E It 1ST 1 C S 
T o t a l Number of Cells 2 712 2](, 0 nUl, 211 011 211)2 21lH 21151> 21151> 21156 
Clllonb e r of Parallel ll a tteries lto l4 l4 l4 l4 24 24 24 ll, 

tllllll L>c r o( .Iooul es p e r llattery 5 5 5 5 5 5 5 5 5 
Il at t ery Ce ll He l:.;h t (I\g) 4.'>JI> ).515 J.U62 2. aJ 5 :l. 60t! 2.495 2.)/:l1 2. 26 I:! 2.21> I:! 
ll atte ry Ce 11 VO III ,n e (Cm-) 5 2:l1 4675 44)2 4 J 10 41119 412 11 4U67 4U07 4007 
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